Typically glands of prostatic adenocarcinoma have a single cell lining, although stratification can be seen in invasive carcinomas with a cribriform architecture, including ductal carcinoma. The presence and diagnostic significance of stratified cells within non-cribriform carcinomatous prostatic glands has not been well addressed. The histomorphological features and immunohistochemical profile of cases of non-cribriform prostatic adenocarcinoma with stratified malignant glandular epithelium were analyzed. These cases were identified from needle biopsy cases from the consultation files of one of the authors and from a review of 150 consecutive in-house needle biopsy cases of prostatic adenocarcinoma. Immunohistochemistry was performed utilizing antibodies reactive against high molecular weight cytokeratin (34bE12), p63 and a-methylacylcoenzyme-A racemase (AMACR). A total of 8 cases were identified, including 2 from the 150 consecutive inhouse cases (1.3%). In 4 cases, the focus with glands having stratified epithelium was the sole carcinomatous component in the biopsy, while such a component represented 5-30% of the invasive carcinoma seen elsewhere in the remaining cases. The main attribute in all these foci was the presence of glandular profiles lined by several layers of epithelial cells with cytological and architectural features resembling flat or tufted high-grade prostatic intraepithelial neoplasia, but lacking basal cells as confirmed by negative 34bE12 and/or p63 immunostains in all cases. The AMACR staining profile of the stratified foci was variable, with 4 foci showing positivity, and 3 foci being negative, including two cases that displayed AMACR positivity in adjacent non-stratified prostatic adenocarcinoma. Prostatic adenocarcinoma with stratified malignant glandular epithelium can be identified in prostate needle biopsy samples harboring non-cribriform prostatic adenocarcinoma and resembles glands with high-grade prostatic intraepithelial neoplasia. These 'PIN-like' carcinomas can present in pure form. Recognition of this pattern of prostatic adenocarcinoma is necessary to correctly diagnose such cases as invasive carcinoma.
High-grade prostatic intraepithelial neoplasia (HG-PIN) and invasive prostatic adenocarcinoma are neoplastic proliferations with similar, but not identical, histochemical, immunophenotypic, and genotypic features, [1] [2] [3] [4] [5] [6] [7] as well as gene expression profiles. 8 In addition, HG-PIN, especially cribriform and flat HG-PIN, can mimic invasive prostatic adenocarcinoma and immunohistochemistry may be needed to document the presence of basal cells in the former. 9 We 6 and others 10, 11 have previously noticed stratified epithelium in prostatic adenocarcinoma, where the converse can occur; prostatic adenocarcinoma mimicking non-cribriform HG-PIN. This histomorphologic presentation of prostatic adenocarcinoma has not been well addressed in the literature. We recently encountered several prostate needle biopsy cases in consultation that showed stratified epithelium within non-cribriform prostatic adenocarcinoma glands, including some, where the diagnosis of invasive carcinoma was questioned. The aim of this investigation was to characterize the frequency, as well as the histological and immunophenotypic attributes of prostatic adenocarcinomas with this appearance and report the features of these 'PIN-like' carcinomas which distinguish them from HG-PIN.
Materials and methods
We analyzed the morphological features and immunohistochemical profile of cases of prostatic adenocarcinoma showing stratified epithelium within carcinomatous glands, as seen in prostate needle biopsies. These cases were prospectively identified in formalin-fixed, paraffin-embedded prostate needle biopsy samples presented to one of the authors in consultation over a 12-month period (November 2004 to October 2005), as well as from a review of 150 consecutive in-house needle biopsy cases of prostatic adenocarcinoma (diagnosed between 1996 and 1998), identified via computer search of the database files of the Lauren V Ackerman Laboratory of Surgical Pathology, Washington University Medical Center. Any degree of stratification was sufficient for inclusion in the study, while cases displaying a cribriform architecture were excluded. The clinical presentation of the patients was obtained from the surgical pathology reports and/or the patients' medical charts. Review of the H&E sections was performed to assign a Gleason grade, to estimate the extent of carcinoma (by measuring both the linear extent of carcinoma and the percentage of core tissue involvement as previously defined, 12, 13 ) as well as to measure the percentage of carcinomatous glands displaying stratified epithelium in each case. Immunohistochemistry was performed utilizing either a prediluted p63/a-methylacyl-coenzyme-A racemase (AMACR) antibody cocktail or one prepared in our laboratory (prediluted: 'PIN Cocktail', BC4A4/13H4 clones, Biocare Medical, Walnut Creek, CA; homemade: BC4A4/13H4 clones, Neomarkers, Fremont, CA and Zeta Corporation, Sierra Madre, CA, respectively, 1/500 dilution for both) for all cases, as well as the 34bE12 antibody (clone 34bE12, Dakocytomation, Carpinteria, CA, 1/100) for a subset of the cases.
Heat-induced antigen retrieval was performed for p63 and AMACR immunohistochemistry by placing the sections in EDTA buffer (pH 8) in a Decloaking chamber (Biocare Medical) for 3 min, while proteinase K incubation at room temperature for 5 min was used for 34bE12. The pattern of immunohistochemical reactivity of the foci of prostatic adenocarcinoma glands with stratified epithelium was evaluated and compared to that in non-stratified malignant acini. Immunohistochemistry was either performed during the original evaluation of the case where malignancy was questioned, or after case identification for the purposes of this study.
Results
A total of eight cases were identified, six consult cases and two from consecutive in-house cases, representing 1% of prostatic adenocarcinomas diagnosed on needle biopsy. The clinical and pathological features of these cases are presented in Table 1 . The age of the patients ranged from 61 to 89 years (mean, 73 years; median, 72 years). The serum prostate-specific antigen (PSA) level was known to be elevated in six patients, ranging from 4.3 to 66.2 ng/ml (mean, 18.2 ng/ml; median, 5.5 ng/ ml) and three patients were also known to have prostatic nodules on digital rectal examination. The extent of carcinoma in these cases ranged from o 1 (minimal prostatic adenocarcinoma; 14 two cases) to 26 mm (mean, 10.2 mm; median, 7 mm), representing o5 up to 75% of the needle biopsy tissues. In four cases (cases 2, 3, 5, and 6), the foci with glands having stratified epithelium were the sole carcinomatous components in the biopsies, while such a component represented 5-30% of the invasive prostatic adenocarcinoma seen elsewhere in the tissue cores of the remaining cases. The main 
Discussion
In this study, we have found that stratified epithelium in non-cribriform glands of prostatic adenocarcinoma can be identified in prostate needle biopsy specimens with prostatic adenocarcinoma and can resemble HG-PIN glands. Carcinomas with PIN-like features appear to be uncommon as they accounted for only 1.3% of consecutive prostatic adenocarcinomas diagnosed over a 2-year period. Although these PIN-like carcinomas were only AMACR positive in 50% of cases, they are invariably negative for basal cell markers, a finding that is of utility in evaluating crowded, stratified glands with cytological atypia, where PIN-like prostatic Stratified epithelium in prostatic adenocarcinoma O Hameed and PA Humphrey adenocarcinoma could be in the differential diagnosis in addition to HG-PIN. Although Gleason's original depiction of the different histological patterns of prostatic adenocarcinoma included an image of a malignant acinus with apparent micropapillary architecture and multilayered epithelium, 15 most cases of Gleason patterns 1-3 acinar prostatic adenocarcinoma are composed of small acini lined by malignant epithelium in a single cell layer. An exception would be the occasional Gleason pattern 3 carcinomas with a cribriform architecture 16 which, similar to Gleason pattern 4 carcinomas, can show multilayered epithelium. In addition, although characterized by larger glandular structures, ductal prostatic adenocarcinoma is often seen to have a papillary or cribriform growth pattern with multilayered epithelium. As these cribriform carcinomas, acinar or ductal, resemble cribriform HG-PIN, it is important to be able to distinguish between the two. 9, [17] [18] [19] Similarly, several recently described variants of acinar prostatic adenocarcinoma, including foamy gland, 20, 21 pseudohyperplastic, 22, 23 and atrophic [24] [25] [26] variants often have cytological or architectural features that do not readily suggest malignancy, and accordingly may be mistakenly diagnosed as benign especially in prostate needle biopsy specimens if one is unfamiliar with their appearances. As the presence of stratified epithelium in prostatic adenocarcinoma has not been well addressed in the literature and could also be potentially confused with HG-PIN, as was the case in several prostate needle biopsy cases we saw in consultation, we sought to characterize this cellular growth arrangement in prostatic adenocarcinoma.
In this study, we characterize another architectural variation in prostatic adenocarcinoma that could be confused with non-invasive disease: epithelial stratification in non-cribriform malignant glands of prostatic adenocarcinoma. Such an occurrence has been previously noted in radical prostatectomy specimens both within otherwise regular acinar prostatic adenocarcinoma, 6, 11 as well as representing a pattern of perineural invasion of prostatic adeno- 
Stratified epithelium in prostatic adenocarcinoma
O Hameed and PA Humphrey carcinoma; 10 however, a detailed analysis of this histological variation in prostatic adenocarcinoma, especially in prostate needle biopsy samples, has not been previously addressed in the literature.
We identified prostatic adenocarcinoma with stratified malignant glandular epithelium in six consultation cases submitted over a 12-month period. To assess the incidence of this histological variation, we retrospectively reviewed 150 consecutive nonreferral in-house cases of prostatic adenocarcinoma and identified two additional cases, indicating that the incidence of finding stratified malignant glandular epithelium in prostatic adenocarcinoma was 1.3%. Despite its uncommon frequency, diagnostic recognition of this variation in prostatic adenocarcinoma is important owing to the fact that it closely resembles glands involved by flat or tufted HG-PIN which, if found on biopsy, would typically result in a non-therapeutic clinical approach in the management for the patient (follow-up), as opposed to the active therapy often undertaken following a diagnosis of invasive adenocarcinoma. Of note, our observations are similar to those of Amin et al, 10 who found foci of prostatic adenocarcinoma around nerves that very much resembled micropapillary HG-PIN which they termed 'circumferential micropapillary perineural invasion' and argued that they could also be misdiagnosed as HG-PIN.
The fact that stratified malignant glandular epithelium was the sole histological appearance of malignancy in one-half of our cases also highlights the importance of recognizing this feature in prostatic adenocarcinoma. In the other cases, stratified malignant glandular epithelium represented 5-30% of the malignant glands in our cases of prostatic adenocarcinoma. The finding of identical cytological features in the malignant epithelial cells in both stratified and non-stratified glands (when present) argues that stratification in prostatic adenocarcinoma is more likely to represent an unusual growth pattern rather than a specific variant of prostatic adenocarcinoma.
The main differential diagnosis of prostatic adenocarcinoma with stratified malignant glandular epithelium in needle biopsy samples centers on HG-PIN. This distinction might not be critical if Stratified epithelium in prostatic adenocarcinoma O Hameed and PA Humphrey areas of unequivocal conventional prostatic adenocarcinoma are identified elsewhere in the biopsy, but is definitely so if no such other areas exist. The identification of basal cells in H&E sections or by basal cell marker positivity in immunohisto chemistry would point towards a diagnosis of HG-PIN, whereas lack of basal cells and the presence of glandular crowding would point towards a diagnosis of prostatic adenocarcinoma. AMACR immunostaining has no role in this distinction as it cannot differentiate between prostatic adenocarcinoma and HG-PIN. 9, 27 Another diagnostic consideration is ductal adenocarcinoma, which although usually characterized by malignant papillary or cribriform glands lined by pseudostratified columnar cells, 6, 28 has been reported to occasionally infiltrate as single glands lined by pseudostratified columnar epithelium resembling infiltrating colonic adenocarcinoma. 29, 30 In fact, three of the cases of PIN-like carcinomas reported herein (cases 3, 4, and 5) bear a certain degree of morphologic resemblance to published images 29, 30 of this pattern of ductal adenocarcinoma, and may very well be examples of this form of adenocarcinoma. However, it should be noted that in the other five cases the stratified malignant epithelium was composed of non-columnar cells with rounded nuclei, quite similar to what may be seen in ordinary acinar adenocarcinoma.
As there are no specific markers available that can reliably distinguish between ductal and acinar carcinoma, it is difficult to determine with certainty the acinar vs ductal differentiation status of our cases, but based on our findings, it does appear that stratified malignant glands are not limited to a specific type of prostatic adenocarcinoma. The final differential diagnostic consideration for PIN-like carcinoma, especially those with columnar cells and elongated nuclei, is metastatic colonic carcinoma, which may or may not be suggested by the clinical history. In these situations, immunohistochemical reactivity with PSA (and/or prostatic acid phosphatase) would point to a prostatic primary, while CDX2 or villin immunoreactivity would point to a colonic primary. Immunostains for cytokeratins Stratified epithelium in prostatic adenocarcinoma O Hameed and PA Humphrey 7 and 20 are less useful in this regard because of significant overlap in expression. 9 One limitation of this study is the lack of radical prostatectomy and clinical follow-up information for the cases presented here, which might have further delineated the 'histologic lineage' of PIN-like carcinoma as well as identified any prognostic implications of this growth pattern of prostatic adenocarcinoma. The main finding of our investigation is that diagnostic recognition of this pattern of growth in prostatic adenocarcinoma is important to avoid underdiagnosis of invasive carcinoma.
In summary, we have found that non-cribriform prostatic adenocarcinomas in prostate needle biopsy samples can be composed of glands lined by stratified malignant glandular epithelium and can resemble glands involved by HG-PIN. These PINlike carcinomas can present in pure form. Diagnostic recognition of this unusual growth variation of prostatic adenocarcinoma is critical to avoid underdiagnosis of invasive carcinoma in prostate needle biopsy samples.
